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Executive summary 
The Indian mackerel Rastrelliger kanagurta is a pelagic shoaling fish widely distributed in the 
Indo-West Pacific region. Though the Indian mackerel is a popular fish in Sri Lanka, it is not a major 
target fishery and is mainly landed as a by-catch from fisheries targeting other small pelagic species. 
There are about 100 species of small pelagic around Sri Lanka, of which not more than 25 contribute 
significantly to the commercial production. Among the mackerels, Indian mackerel (Rastrelliger 
kanagurta) dominates the catch. 
While gillnetting is the main fishing gear, beach seine is also utilized for this resource. Gillnet 
fisheries are coastal in nature operating mainly over the wider shallow continental shelf of the 
country, operating sometimes out to 25 km offshore in motorized boats and within about 10 km in 
un-motorized vessels. The different sized mesh sizes are used by the same vessels, with a switch to 
the larger mesh nets for small periods of the year. It has been shown that Indian mackerel 
represents only around 2-3% of the total catch by these vessels. 
At the Indian mackerel genetic working group meeting that was held in Colombo, Sri Lanka from 28th 
to 29th May 2012, it was decided to collect 20 samples each from 10 different locations around Sri 
Lanka. All eight Bay of Bengal Large Marine Ecosystem (BOBLME) Project countries participating in 
the collaborative work on genetic stock structure identification of Indian mackerel in the Bay of 
Bengal were instructed to collect the samples and to store the samples in the same manner till 
analysis was carried out in the laboratory. 
The Indian mackerel genetics harmonisation training workshop was held from 20 to 27 August 2013 
at the National Bureau of Fish Genetic Resources (NBFGR) Regional Research Station, Kochi. This 
workshop provided an opportunity to the geneticists involved to gain hands-on experience on how 
to carry out the microsatellite analysis for the collected samples using a standard procedure. The 
microsatellite PCR reactions once completed were sent to Scigenom laboratories (Pvt) Ltd, Kochi, 
India for sequencing. 
The workshop in Phuket, Thailand 18 and 19 of February 2015, helped the participants to gain an 
understanding on the software programs that could be used in the analysis of the results obtained 
by the genotyping work. The results revealed that the populations of R. kanagurta around Sri Lanka 
could be considered as one population when developing management strategies for this species. 
Through this project it is hoped that knowledge on the population structure of Indian mackerel in 
the Bay of Bengal region will be improved so that management strategies for this fishery could be 
improved in the future. 
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1. Background 
Modern fisheries management is moving towards a precautionary approach to ensure sustainable 
utilization of our marine resources. A fundamental requirement of this approach is to consider the 
full impact of management actions, including identification of the stock complexity of a fish species. 
The Indian mackerel Rastrelliger kanagurta is a pelagic shoaling fish widely distributed in the 
Indo-West Pacific region. Though the Indian mackerel is a popular fish in Sri Lanka, it is not a major 
target fishery and is mainly landed as a by-catch from fisheries targeting other small pelagic species. 
There are about 100 species of small pelagic around Sri Lanka, of which not more than 25 contribute 
significantly to the commercial production. Among the mackerels, Indian mackerel (Rastrelliger 
kanagurta) dominates the catch (Haputhantri, 2008). Annual catches for the species in 2008 and 
2009 have been estimated at 1796 Mt and 862 Mt, respectively (BOBLME, 2011). 
While gillnetting is the main fishing gear, beach seine is also utilized for this resource. The length 
frequency distribution for the two gear types are similar (Fernando, 2004). Gillnet fisheries are 
coastal in nature operating mainly over the wider shallow continental shelf of the country, operating 
sometimes out to 25 km offshore in motorized boats and within about 10 km in un-motorized 
vessels. The different sized mesh sizes are used by the same vessels, with a switch to the larger mesh 
nets for small periods of the year. It has been shown that that Indian mackerel represents only 
around 2-3% of the total catch by these vessels. 
The main ports of operation are Negombo, Chilaw, Beruwela, Matara, Tangalle and Trincomalee and 
Kalmunai. The fishing season in the North Western coastal area is between June and October, while 
the season in the West is from January to March and from August to December. In the Southern 
coastal area the season falls between June and November.  
Annual catches for the species from 2006 to 2008 have been reported as 15,570 Mt, 16,290 Mt and 
17,620 Mt respectively (Haputhantri, 2008). According to the small pelagic database of NARA the 
percentage of Rastrelliger kanagurta in the small pelagic total production from 2009 to 2011 has 
been 2.6%, 2.3% and 8.2% respectively. 
The stock structure of the Indian mackerel in the Bay of Bengal region has not yet been determined. 
The stock structure of Rastrelliger kanagurta for the East coast of India and for the West coast of 
India have been previously determined by morphometric alone (Seshappa 1985 and Remya et al., 
2014) and by using morphometric and genetic methods (Jayasankar and Dharmalingam, 1997 and 
Jayasankar et al., 2004). As DNA-level markers have several advantages over morphometric, meristic 
or protein (allozyme) markers for studying stock structure in fishes (O'Reilly and Wright, 1995), it is a 
more popular method for stock structure determination. 
2. Objective 
The objective of the study was to determine the stock structure of the Indian mackerel in the whole 
Bay of Bengal region. The eight countries of this area, Bangladesh, India, Indonesia, Maldives, 
Malaysia, Myanmar, Sri Lanka and Thailand, participated in the collection of the samples in their 
respective regions and a common method using microsatellite analysis was used to determine the 
stock structure. This collaborative work is carried out as one of the activities of the Bay of Bengal 
Large Marine Ecosystem (BOBLME) Project Component 2, aiming at the conservation and 
management of shared fish stocks or transboundary fish resources. 
To gain an understanding of the availability of Indian mackerel in the region, a meeting was held in 
Colombo, Sri Lanka from 28 to 29 May 2012. Each country reported on how much of Indian mackerel 
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is available in their respective countries and the areas where they are commonly caught. A common 
protocol for the collection and preservation of samples was discussed at this meeting. 
The mitochondrial COI PCR and sequencing was carried out as a preliminary study to this project as 
certain countries such as Thailand and India reported at the Indian mackerel working group meeting 
held in May 2013 that there are 3 species of Rastrelliger being caught in their waters, namely, 
R. kanagurta, R. brachysoma and R. faughni. Therefore, to be certain R. kanagurta was being 
sampled it was suggested that fish with a total length of more than 16 cm were sampled. To identify 
the species available in Sri Lanka the sequencing of the barcoding region (mitochondrial COI region) 
was also carried out. 
The Indian mackerel genetic harmonization workshop held in Kochi, India from 20 to 27 July 2013 
established agreement in synchronizing the genetic methods. 
3. Implementation of project  
At the Indian mackerel working group meeting held in Colombo in 2012 it was decided to collect 
samples from ten locations in Sri Lanka. The 10 pre-determined locations were: Negombo, Chilaw, 
Kalpitiya, Mannar, Jaffna, Trincomalee, Batticaloa, Hambantota, Galle and Beruwela (Figure. 1). The 
codes given for each location are given in Table 1. 20 samples from each location were collected. 
Thus, a total number of 200 samples were collected. The samples were taken from the dorsal fin of 
the fish and stored in 90% ethanol till transported and processed. The length and weight 
measurements of samples were recorded. 
Table 1 Location codes for sample collection locations 
Location 
 
Code No. of samples 
collected  
Mean Length 
(cm) 
Mean weight 
(g) 
Negombo  NM 20 25.6  214.76 
Chilaw  CL 20 20.1 130.05 
Kalpitiya  KP 20 25.6 203.81 
Mannar MN 20 25.8 202.80 
Jaffna JF 20 21.5 136.52 
Trincomalee  TM 20 23.8 196.12 
Batticaloa BC 20 22.5 135.81 
Hambanthota  HB 20 23.4 132.56 
Galle GL 20 20.8 133.74 
Beruwela  BW 20 24.6 189.83 
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Figure 1 Locations around Sri Lanka from which samples were collected for genetic analysis 
The samples once transported to the laboratory were stored at 4 C till used for processing. The DNA 
of the samples was extracted using the Qiagen DNeasy blood and tissue kit and finally stored 
at-20 C. Subsequently, the DNA was quantified by running on an agarose gel with a DNA standard. 
This DNA was used for subsequent analysis. 
3.1. Species identification  
To confirm the species collected for analysis species identification was carried out using 
mitochondrial COI analysis. A few random samples from different locations were selected for this 
PCR amplification and sequencing. The following universal fish barcoding primer pair was used for 
this amplification: 
Fish F1:-5΄ TCAACCAACCACAAAGACATTGGCAC 3΄ 
Fish R1:-5΄ TAGACTTCTGGGTGGCCAAAGAATCA 3΄ 
Sequencing of the approximately 650 bp PCR products were carried out and these sequences were 
matched with available sequences in the BOLD database and the NCBI sequence repository for 
confirmation of identity. 
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3.2. Microsatellite analysis 
The primers for the microsatellite analysis were designed by The National Bureau of Fish Genetic 
Resources (NBFGR) laboratory in Kochi, India and by Dr John Candy in the laboratory in Canada. A 
total of 14 primers were developed by these two laboratories (Table 2). 
Table 2 List of fourteen primers identified at NBFGR with optimal annealing conditions which can be used for genetic 
analysis of R. kanagurta 
Sl. 
no. 
Locus Primer sequence 5’--> 3’ 
Repeat 
motif 
Ta(
0
C) 
Product 
size 
No. of 
alleles* 
8 Raka1 F: GCTTGACTGTGTTGGAAAGAGC AAAG 58 164-292 10 
R: AAAGACAGGAGCACGGAAGC 
9 Raka2 F:TCATTGACTTTATTTCTGGCACG AATAG 58 192-332 9 
R:AAAGCCCTGATGTCAAGATGG 
10 Raka10 F: GAATATCTGGTAATGAGAACTAAATGAGC TGCG 64 292-344 7 
R:  CAAGCAAATACTATACTACAATGACTGG 
11 Raka12 F: TGGCTTCTGTAGTGTCAATTTGC ATCT 64 284-380 10 
R:CATTCAGCTTGGTAAATGCCG 
12 Raka26 F:CTACATGTCCAGCTGCAGGG ATT 62 183-198 10 
R:GCAGATGATAACTCAATATGTGTTGG 
13 Raka46 F:GAGGATATGCAGTGTCAGGAGG ATT 60 228-243 9 
R: TTTATGTATCCATTATGGTCCAGG 
14 Raka48 F:TCTTAATCTGCGCTAGTGGGC AATC 58 180-224 10 
R:TTTGGCAATGAAACTATGAAGTCC 
4 KSJ 18 F: GCTGGTCATTTGTATCTTTGA (GT)17 55 206-240 10 
R: TGGCTGCCTTTTGAATAA 
5 KSJ 26 F: GGAGCATTTGACAACACTTAC (GT)13AT(G
T)3 
58 216-246 9 
R: AGTCAGTTTTGGTGGATGAG 
1 SA2068 F: CAAGACATGACAGTAGGACATTGAC  (GGA)9 
 
56 147-177 9 
R: AGATTGGGAGTTTGTAGGGGTAATA 
2 SA2657 F: TGTCAGAGATGTAGCACATACGG  (CA)19 
 
56 
 
 
240-324 
14 
R: AGCATTATCTGGTGCTGTAAGGA 
3 SA2770 F: AGAAATGAAAAGGGCTTTAAGGA  (CA)22 
 
56 196-286 15 
R: ACTGAGCTGCTTAAAATGCAAAA 
7 SCA 8 F: TCAGCTGTTCATTCCCATAGCCCA (CA)21 59 140-174 13 
R: ATGAAGGAACAATGAGCCTCCAGC 
6 SCA30
  
F: TGGCTGTCGGTCACTCTGCCTC (GA/CA)23 59 114-130 
 
7 
R: ACACACACGGGTACACACAGGG 
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The primers used for the microsatellite analysis were designed by the National Bureau of Fish 
Genetic Resources (NBFGR) in Kochi, India. 
These 14 sets of primers (Table 2) were used by all the 8 countries to carry out the microsatellite PCR 
reactions utilizing a common protocol. PCR reactions were done for all the samples with these 14 
sets of primers. The microsatellite PCR reactions were carried out in 96 well PCR plates and 2 
standards were carried out in each plate for each primer. 
A total of 2800 microsatellite PCR reactions were sent to Scigenom Labs (Pvt) Ltd in Kochi, India for 
genotyping. The PCR products of all the countries were sent to this laboratory for genotyping as 
some of the countries did not possess this facility and also to ensure uniformity in the results 
obtained. 
4. Outcomes  
4.1. Species identification  
Sequences of the samples used for mitochondrial COI analysis are as follows:  
BW 20  
AACCCAAAGACATTGGCACCCTCTACCTAGTATTCGGTGCATGAGCTGGAATAGTCGGCACGGCCTTAAGCCT
GCTTATCCGAGCTGAACTAAGCCAACCAGGGTCCCTCTTAGGCGACGACCAAATCTACAATGTAATCGTTACK
GCCCATGCCTTTGTAATGATTTTCTTTATAGTAATGCCAATCATGATTGGAGGGTTTGGAAACTGACTTATCCC
CCTAATGATTGGGGCGCCAGATATGGCGTTCCCTCGAATGAACAACATAAGCTTCTGACTCCTTCCCCCCTCTT
TCCTTCTGCTTCTTGCCTCATCTGGAGTTGAAGCAGGGGCCGGCACTGGTTGAACAGTCTACCCTCCTCTGGCC
AGCAACTTAGCCCATGCCGGAGCGTCTGTCGATCTTACCATCTTCTCCCTTCACTTAGCAGGTGTTTCCTCTATT
CTTGGTGCTATTAACTTCATCACCACAATTATTAACATGAAACCTGCAGCCACATCCCAGTATCAGACACCCCT
GTTCGTCTGAGCAGTCCTAATTACAGCCGTTCTTCTGCTCCTGTCACTCCCAGTCCTTGCCGCTGGGATCACAAT
GCTCCTAACGGACCGAAATCTTAACACTACATTCTTTGACCCCGCAGGAGGGGGAGACCCAATCCTCTACCAG
CACCTATTCTGATTCTTTGGCCACCAGAAAGTCTAAAGAT 
HB 16  
CCCAAAGACATTGGCACCCTCTACCTAGTATTCGGTGCATGAGCTGGAATAGTCGGCACGGCCTTAAGCCCTT
ATCCGAGCTGAACTAAGCCAACCAGGGTCCCTCTTAGGCGACGACCAAATCTACAATGTAATCGTTACGGCCC
ATGCCTTTGTAATGATTTTCTTTATAGTAATGCCAATCATGATTGGAGGGTTTGGAAACTGACTTATCCCCCTAA
TGATTGGGGCGCCAGATATGGCGTTCCCTCGAATGAACAACATAAGCTTCTGACTCCTTCCCCCCTCTTTCCTTC
TGCTTCTTGCCTCATCTGGAGTTGAAGCAGGGGCCGGCACTGGTTGAACAGTCTACCCTCCTCTGGCCAGCAA
CTTAGCCCATGCCGGAGCGTCTGTCGACCTTACCATCTTCTCCCTTCACTTAGCAGGTGTTTCTTCTATTCTTGG
TGCTATTAACTTCATCACCACAATTATTAACATGAAACCTGCAGCCACATCCCAGTATCAGACACCCCTGTTCGT
CTGAGCAGTCCTAATTACAGCCGTTCTTCTGCTCCTGTCACTCCCAGTCCTTGCTGCTGGGATCACAATGCTCCT
AACGGACCGAAATCTTAACACTACATTCTTTGACCCCGCAGGAGGGGGAGACCCAATCCTCTACCAGCACCTA
TTCTGATTCTTTGGCCACMAAAAAGTCTAAAATGT 
JF 9  
AAACCCAAAGACATTGGCACCCTCTACCTAGTATTCGGTGCATGAGCTGGAATAGTCGGCACGGCCTTAAGCC
TGCTTATCCGAGCTGAACTAAGCCAACCAGGGTCCCTCTTAGGCGACGACCAAATCTACAATGTAATCGTTAC
GGCCCATGCCTTTGTAATGATTTTCTTTATAGTAATGCCAATCATGATTGGAGGGTTTGGAAACTGACTTATCC
CCCTAATGATTGGGGCGCCAGATATGGCGTTCCCTCGAATGAACAACATAAGCTTCTGACTCCTTCCCCCCTCT
TTCCTTCTGCTTCTTGCCTCATCTGGAGTTGAAGCAGGGGCCGGCACTGGTTGAACAGTCTACCCTCCTCTGGC
CAGCAACTTAGCCCATGCCGGAGCGTCTGTCGACCTTACCATCTTCTCCCTTCACTTAGCAGGTGTTTCCTCTAT
TCTTGGTGCTATTAACTTCATCACCACAATTATTAACATGAAACCTGCAGCCACATCCCAGTATCAGACACCCCT
GTTCGTCTGAGCAGTCCTAATTACAGCCGTTCTTCTACTCCTGTCACTCCCAGTCCTTGCTGCTGGGATCACAAT
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GCTCCTAACGGACCGAAATCTTAACACTACATTCTTTGACCCCGCAGGAGGGGGAGACCCAATCCTCTACCAG
CACCTATTCTGATTCTTTGGCCACAGAAAAGT 
KP 10  
AACCCAAAGACATTGGCACCCTCTACCTAGTATTCGGTGCATGAGCTGGAATAGTCGGCACGGCCTTAAGCCT
GCTTATCCGAGCTGAACTAAGCCAACCAGGGTCCCTCTTAGGCGACGACCAAATCTACAATGTAATCGTTACG
GCCCATGCCTTTGTAATGATTTTCTTTATAGTAATGCCAATCATGATTGGAGGGTTTGGAAACTGACTTATCCC
CCTAATGATTGGGGCGCCAGATATGGCGTTCCCTCGAATGAACAACATAAGCTTCTGACTCCTTCCCCCCTCTT
TCCTTCTGCTTCTTGCCTCATCTGGAGTTGAAGCAGGGGCCGGCACTGGTTGAACAGTCTACCCTCCTCTGGCC
AGCAACTTAGCCCATGCCGGAGCGTCTGTCGATCTTACCATCTTCTCCCTTCACTTAGCAGGTGTTTCCTCTATT
CTTGGTGCTATTAACTTCATCACCACAATTATTAACATGAAACCTGCAGCCACATCCCAGTATCAGACACCCCT
GTTCGTCTGAGCAGTCCTAATTACAGCCGTTCTTCTGCTCCTGTCACTCCCAGTCCTTGCCGCTGGGATCACAAT
GCTCCTAACGGACCGAAATCTTAACACTACATTCTTTGACCCCGCAGGAGGGGGAGACCCAATCCTCTACCAG
CACCTATTCTGATTCTTTGGCCACCAGAA 
NM1 
AACCCAAAGACATTGGCACCCTCTACCTAGTATTCGGTGCATGAGCTGGAATAGTCGGCACGGCCTTAAGCCT
GCTTATCCGAGCTGAACTAAGCCAACCAGGGTCCCTCTTAGGCGACGACCAAATCTACAATGTAATCGTTACG
GCCCATGCCTTTGTAATGATTTTCTTTATAGTAATGCCAATCATGATTGGAGGGTTTGGAAACTGACTTATCCC
CCTAATGATTGGGGCGCCAGATATGGCGTTCCCTCGAATGAACAACATAAGCTTCTGACTCCTTCCCCCCTCTT
TCCTTCTGCTTCTTGCCTCATCTGGAGTTGAAGCAGGGGCCGGCACTGGTTGAACAGTCTACCCTCCTCTGGCC
AGCAACTTAGCCCATGCCGGAGCGTCTGTCGATCTTACCATCTTCTCCCTTCACTTAGCAGGTGTTTCCTCTATT
CTTGGTGCTATTAACTTCATCACCACAATTATTAACATGAAACCTGCAGCCACATCCCAGTATCAGACACCCCT
GTTCGTCTGAGCAGTCCTAATTACAGCCGTTCTTCTGCTCCTGTCACTCCCAGTCCTTGCCGCTGGGATCACAAT
GCTCCTAACGGACCGAAATCTTAACACTACATTCTTTGACCCCGCAGGAGGGGGAGACCCAATCCTCTACCAG
CACCTATTCTGATTCTTTGGCCACCAGAA 
When these sequences were identified using the blast facility of the NCBI database and the BOLD 
identification engine all sequences matched 98-100% with Rastrelliger kanagurta, confirming the 
identity of the species used for analysis. 
4.2. Microsatellite analysis 
The raw data of the microsatellite analysis obtained for one primer pair is seen below: 
 
 
The results were formatted in the GENEpop format. Members from the individual laboratories of the 
8 participating countries met in Thailand in February 2015 to get hands-on experience on how to 
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analyze results individually. The software programs to format the results (Genepop, Treefit and 
FigTree) and subsequently analyse the results (Arlequin, GDA, Geneclass 2 and NeEstimator) were 
introduced. 
Table 3 Descriptive statistics from R. kanagurta, sample size, number of effective alleles, information index, 
observedhetrozygosity, expected and unbiased expected hetrozygosity, and fixation index 
5. Conclusion  
The microsatellite analysis results showed that the populations of Indian mackerel in the areas 
studied around Sri Lanka consist of one stock with a common origin. 
6. Recommendations  
In the development of management strategies for the Indian mackerel fishery, the populations of 
R. kanaguta around Sri Lanka can be considered as belonging to one single population. 
 
Pop Locus N Na Ne I Ho He uHe F 
Pop1 RAKA1 124 62.000 5.174 2.929 0.516 0.807 0.810 0.360 
 
RAKA2 73 64.000 46.746 3.998 0.315 0.979 0.985 0.678 
 
RAKA10 23 17.000 13.564 2.710 0.130 0.926 0.947 0.859 
 
RAKA12 100 54.000 30.441 3.688 0.580 0.967 0.972 0.400 
 
RAKA26 119 32.000 12.632 2.874 0.723 0.921 0.925 0.215 
 
RAKA46 91 28.000 8.699 2.601 0.549 0.885 0.890 0.379 
 
RAKA48 18 16.000 13.787 2.698 0.056 0.927 0.954 0.940 
 
KSJ18 107 22.000 1.579 1.122 0.084 0.367 0.368 0.771 
 
KSJ26 114 37.000 10.447 2.869 0.719 0.904 0.908 0.205 
 
SA2068 178 18.000 1.646 1.004 0.242 0.393 0.394 0.385 
 
SA2657 172 71.000 30.374 3.777 0.849 0.967 0.970 0.122 
 
SA2770 51 43.000 36.378 3.674 0.098 0.973 0.982 0.899 
 
SCA8 168 30.000 6.451 2.278 0.673 0.845 0.848 0.204 
 
SCA30 90 29.000 5.749 2.370 0.522 0.826 0.831 0.368 
          Mean and SE over Loci for each 
Pop 
       
          Pop 
 
N Na Ne I Ho He uHe F 
Pop1 Mean 102.000 37.357 15.976 2.756 0.433 0.835 0.842 0.485 
 
SE 13.462 4.961 3.787 0.240 0.073 0.054 0.054 0.076 
          Percentage of Polymorphic Loci 
       
          Population %P 
        Pop1 100.00% 
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